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MASK COMPLIANCE TESTING USING BIT 
ERROR RATIO MEASUREMENTS 

BACKGROUND 

The present invention pertains to the testing of digital 
communications systems and pertains particularly to mask 
compliance testing using bit error ratio measurements. 

In digital communications systems, integrity of the Wave 
form of signals used in communication is commonly speci 
?ed as an eye mask. This is true, for example, in the 
speci?cation of Synchronous Optical Network (SONET) 
standard and the speci?cation of the Ethernet protocol. 

Typically, a sampling oscilloscope also called a Digital 
Communications Analyzer (DCA), is used to make eye 
mask measurements and guarantee that no sampled points 
lie in the forbidden regions of the eye mask. Because the 
sampling rate of a DCA is relatively sloW (for example in the 
range of approximately 40 kilosamples per second (kS/s)) 
compared to the input data rate (for example in the range of 
10 gigabits per second (Gb/s)), it is not possible to sample 
a large fraction of the incoming bits. 

For example an Agilent 86100B DCA, available from 
Agilent Technologies, Inc., can be used to measure and test 
for eye diagram compliance in high-speed digital commu 
nication signals. This DCA can produce an eye diagram that 
consists of a sampling oscilloscope display of overlapping 
0’s and 1’s of the incoming data stream. The oscilloscope 
display is triggered on a high speed clock synchronous With 
the data stream. Within the eye diagram, an eye mask is a 
prede?ned area in Which samples are not alloWed. In a 
typical measurement and test for eye diagram compliance, 
approximately 500,000 samples are used. This typically 
requires about 13 seconds to perform. 

Alternatively, an Agilent Technologies 81250 ParBERT 
system, also available from Agilent Technologies, Inc., 
alloWs sample Bit Error Ratio (BER) sampling points to be 
chosen and compared to predetermined BER thresholds. 

Bit Error Ratio testing (BERT) typically measures and 
compares a large number of bits (typically 1010), so good 
statistical accuracy can be obtained. In a BERT, a knoWn 
digital sequence is produced by a pattern generator (PG). 
The digital data stream is captured by the BERT error 
detector (ED), typically after passing through some device 
under test. After synchronizing, a local pattern generated in 
the ED is compared With the captured digital data stream. 
The ED counts errors in the incoming data and displays the 
Bit Error Ratio (BER). 

In a fast eye measurement performed using the Agilent 
81250 ParBERT system, sample BER points are chosen and 
compared to predetermined BER thresholds. For example, 
the fast eye measurement measures the BER of a prede?ned 
number of points (1 to 32). The Whole eye is not measured. 
The prede?ned number of points are each de?ned by a 
threshold and timing value relative to the starting point of 
the measurement. To perform a measurement, the user enters 
pass/fail criteria of the measurement and the BER threshold, 
?nds the middle point of the eye With the sequence and then 
runs the BER. 

The fast eye measurement performed using the Agilent 
81250 ParBERT system is related to the DCA based eye 
mask measurements that are speci?ed in the standards, but 
is not exactly the same. For example, decision point posi 
tions represent samples of the BER eye contour. It is not 
necessarily clear to a customer hoW to interpret these BER 
thresholds compared to their traditional DCA mask mea 
surement and to set them appropriately. Also, the DCA mask 
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2 
has regions outside the central eye region that are not 
addressed by the fast eye measurement performed using the 
Agilent 81250 ParBERT system. Additionally, the BERT 
front-end of the Agilent 81250 ParBERT system is not 
calibrated for frequency response (unlike a DCA) and this 
can distort the measured distribution and result in errors in 
the measurement. 

The optical input of a DCA can be calibrated With a sWept 
frequency sinusoidal modulated optical signal. This sinusoi 
dal modulation can be produced With a continuous Wave 
(CW) optical source together With an optical modulator. 
Calibrated versions of modulated CW optical sources such 
as the Agilent 8703 LightWave Component Analyzer are 
commercially available. Very broadband optical modulation 
can also be produced by heterodyne of tWo Wavelength 
offset CW sources. For example the OMS-2010 calibrated 
sWept sine Wave source, available from LightWave Electron 
ics, operates to 110 GHz. These optical sources have cali 
brated modulation amplitude to frequencies much higher 
than are required to calibrate most digital decision circuit 
front-ends. 

SUMMARY OF THE INVENTION 

In accordance With a preferred embodiment of the present 
invention, mask compliance of a digital signal from a 
reference device is determined. Bit error rates for ?rst 
sampling points for a loW mask region are detected. The bit 
error rates for the ?rst sampling points are averaged to 
produce an average loW mask region error rate. Bit error 
rates for second sampling points for a high mask region are 
detected. The bit error rates for the second sampling points 
are averaged to produce an average high mask region error 
rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simpli?ed block diagram of an error detecting 
system used to measure mask violations in a digital signal in 
accordance With a preferred embodiment of the present 
invention. 

FIG. 2 is a simpli?ed diagram shoWing a synchronization 
point from Which sampling points of a top mask, a central 
mask and a loW mask are determined in accordance With a 
preferred embodiment of the present invention. 

FIG. 3 is a simpli?ed diagram illustrating sampling points 
of a top mask, a central mask and a loW mask at Which BER 
measurements are made in accordance With a preferred 
embodiment of the present invention. 

FIG. 4 is a simpli?ed block diagram of an optical front 
end of an error detection circuit. 

FIG. 5 is a simpli?ed block diagram illustrating calibra 
tion of an optical front end of an error detection circuit in 
accordance With a preferred embodiment of the present 
invention. 

FIG. 6 is a simpli?ed block diagram illustrating calibra 
tion of an optical front end of an error detection circuit in 
accordance With another preferred embodiment of the 
present invention. 

FIG. 7 is used to evaluation frequency response of a front 
end of an error detector in accordance With a preferred 
embodiment of the present invention. 

FIG. 8 is a simpli?ed illustrating sampling points of 
multiple top masks at Which BER measurements are made in 
accordance With another preferred embodiment of the 
present invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 is a simpli?ed block diagram of an error detecting 
system used to measure mask violations in a digital signal. 
A pattern generator 21 generates test patterns that are 
forwarded to a device under test (DUT) 22. A front end 36 
receives output from DUT 22. If the output from DUT 22 is 
optical, front end 36 converts this to an electrical signal. An 
error counter 30 Within an error detector 23 compares output 
from DUT 22 With expected output as generated by a local 
pattern generator 31. Error counter 30 produces error counts 
on an output 35. The error counts include a total error count, 
an error count for expected logic 0 values and an error count 
for expected logic 1 values. A counting interval generator 32 
controls the interval at Which counting is performed. Count 
ing interval generator 32 uses a clock signal placed on a 
clock input line 84. 
A processor 24 controls the testing process. A mask 

sampling point sequencer 25 controls the sequence in Which 
sampling points on each mask is tested. Each sampling point 
is de?ned by a voltage threshold and a time delay from a 
synchronized point Within a cycle of the digital signal. For 
each sampling point, a voltage threshold 27 and a time delay 
28 are stored in a memory 26. For each sampling point, 
processor 24 accesses from memory 26 a threshold value 27 
and forWards the threshold value to error counter 30 over a 
line 33. For each sampling point, processor 24 also accesses 
from memory 26 a delay value 28 and forWards the delay 
value to error counter 30 over a line 34. After performing 
testing for the sampling point, error counter 30 returns to 
processor 24, over output 35, error counts for the sampling 
points. The error counts include a total error count, an error 
count for expected logic 0 values and an error count for 
expected logic 1 values. The error counts are stored by 
processor 24 in location 29 Within memory 26. 

The error detection system shoWn in FIG. 1 alloWs mask 
compliance to be veri?ed ef?ciently Without constructing a 
detailed vieW of a full eye diagram. This signi?cantly speeds 
up the measurement and minimiZes system cost by perform 
ing the BER and mask tests on the same hardWare. 

FIG. 2 is a simpli?ed eye diagram Where signal traces 41 
from overlapped cycles of a digital signal form an “eye” 
shape. A top mask 42, a loW mask 43 and a center mask 44 
are shoWn. In any digital signal cycle in Which a value of the 
digital signal falls Within any of the top mask 42, a loW mask 
43 and a center mask 44, a signal error has occurred. 

A synchronization point 45 is used to locate sampling 
points along the boundaries of top mask 42, loW mask 43 and 
center mask 44 during testing. Time delay (positive and 
negative) is varied in a direction represented by an arroW 47. 
Voltage threshold is varied in a direction represented by an 
arroW 46. 

FIG. 3 shoWs example sampling points of top mask 42, 
loW mask 43 and center mask 44. A sampling point 51, a 
sampling point 52 and a sampling point 53 are shoWn on the 
loWer edge of top mask 42. A sampling point 54, a sampling 
point 55 and a sampling point 56 are shoWn on the upper 
edge ofloW mask 43. A sampling point 57, a sampling point 
58, a sampling point 59, a sampling point 60, a sampling 
point 61, a sampling point 62, a sampling point 63 and a 
sampling point 64 are shoWn on periphery of center mask 
44. 

The mask shapes shoWn in FIG. 2 and FIG. 3 are typical, 
but as Will be clear to persons of ordinary skill in the art, the 
present invention applies to a Wide variety of other mask 
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4 
shapes and number of mask regions With a Wide variation in 
the number and location of sampling points on the mask 
shapes. 
The error detecting system shoWn in FIG. 1 separately 

detects error rates for bits in the pattern that are 0’s and for 
those that are 1’s. By separately looking at the error rate in 
logic 0’s and the error rate of logic 1’s, mask compliance can 
be determined. 

For determining the number of “mask hits” for equivalent 
DCA samples in loW mask 43 the folloWing approach is 
used. Testing is done at sample points 54, 55 and 56 to obtain 
an average BER. The BER that is measured is the BER for 
logic 0 test values, since the BER for logic 1 values should 
alWays be 0 because the sampling points are far beloW the 
voltage level of logic 1 values. If the Waveform dips doWn 
into loW mask 43 then it Will be beloW the decision threshold 
for the sample points on mask 43 and Will register as a logic 
0. This is the intended value so no error is recorded. 
HoWever, in most cases the Waveform Will be nearer the 
center of the eye (above the decision threshold of the sample 
points on mask 43) and Will register as a logic 1 (an error). 
Thus unlike common BER measurements, to insure that 
there are no errors in loW mask 43, BER for logic 0 values 
must be unity (1.00000). If the Waveform dips into loW mask 
43 in the vicinity of the sampling point on 1/1000 bits, then 
BER for logic 0 values Will be 0.9990. 
The number of sampling points that must be averaged 

across loW mask 43 must be suf?cient that the Waveform 
cannot dip doWn betWeen sample points. To simplify the 
calculation, the spacing should be uniform and ?nely 
enough spaced that the loW-pass ?ltered Waveform does not 
have ?ne structure more rapid than the sampling point 
spacing. In FIG. 3, three sampling points are shoWn on mask 
43 for illustration. For common application, 11 uniformly 
spaced sampling points is generally suf?cient. If more 
sampling points than necessary are used, this complicates 
the measurement, Without improving the accuracy. Use of 11 
sampling points is much less than the number of sampling 
points that Would be needed to map out the eye diagram. For 
example, mapping out an eye diagram my take, for example, 
a 200x200 array of sampling points for a total of 40,000 
different sample points. 

If a sample falls anyWhere beloW the top edge of LOW 
MASK 43 it is a mask violation. There is no attempt to 
determine exactly Where the sample falls to guarantee mask 
compliance. The average BER for logic 0 values that con 
stitutes a mask failure can be calculated. 

DCA samples are assumed to be uniformly spaced in time. 
The total number of samples (Ts) that could fall into LOW 
MASK 43 is set out by equation 1 beloW. 

In equation 1, Nsamples is the number of DCA samples 
(typically 500,000). Markdensity is the ratio of 1 values to 
the total number of bits in the pattern. Markdensity is 
typically 0.5 for a balanced pseudo random bit sequence 
(PRBS) pattern. Markdensity can be determined exactly 
from a BERT total bit counter and a BERT total logic 1 value 
counter. MaskWidth(UI) is the Width of the mask in unit 
intervals. For example, MaskWidth(UI) for loW mask 43 is 
1.0. 

For feWer than Nviolations (typically equal to 1 to insure 
no violations) in the DCA measurements the pass criteria for 
average value (Average_LOW MASKi0’s_BER) of the 
BER across all the sample points of loW mask 43 is set out 
in Equation 2 beloW: 
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AverageiLOW MASKiO ’ siBER >1 — [Nviolations/ 
(Nsalnples* (1-Markdensity) * MaskWidth(UI))] Equation 2 

For example, typical pass criteria for Average_LOW 
MASKi0’s_BER is as set out below: 

AverageiLOW MASKfO’sfBER? — 1/ (5 O0, 

000*0.5):0.999996 

Calculation of Average_LOW MASKi0’s_BER requires 
approximately Nsamples number of bit periods (clock 
cycles) for all sample points used to calculate Aver 
age_LOW MASKi0’s_BER. For a clock cycle of 10 giga 
bits per second (Gb/s), this corresponds to 0.5 milliseconds 
(ms). In practice moving the sampling point and processing 
the data can take longer, but the measurement is very fast. 

It is important to not require a loWer number of errors 
simply because the measurement is faster. Mask margins are 
determined for a certain error rate threshold determined by 
the DCA sample rate. Increasing the required Average_LOW 
MASKi0’s_BER threshold Will result in rejecting good 
devices and should be avoided. Thus, this approach repre 
sents a Way of radically speeding up the mask compliance 
measurement. 

A similar approach can be applied to top mask 42. In this 
case the average BER for logic 1 values (Average_TOP 
MASKil ’s_BER) is used. The mask test pass criterion for 
is set out in Equation 3 beloW: 

AverageiTOPMASKil ’ siBER >1-[Nviolations/ 
(Nsalnples* (Markdensity)*MaskWidth(U 1))] Equation 3 

In central mask 44 sample points 59, 60, 61, 62 and 63 are 
used to calculate average_CENTRALMASKi0’s_BER. 
The mask test pass criterion for is set out in Equation 4 
beloW: 

AverageiC ENTRALMAS KiO ’ siBER <[(Nviola— 
tions/(Nsalnples*(1—Markdensity)*MaskWidth 
(UIDI 

In central mask 44 sample points 63, 64, 58 and 59 are 
used to calculate average_CENTRALMASKil’s_BER. 
The mask test pass criterion for is set out in Equation 5 
beloW: 

Equation 4 

AverageiCENTRALMAS Kil ’ siBER <[Nviolations/ 
(Nsalnples* (Markdensity) *MaskWidth( UI))] Equation 5 

There can be offsets in decision threshold of the digital 
decision circuit and this offset can vary as a function of the 
setting of the sampling threshold and the output error rate. 
The DCA is designed for accurate linearity and conforming 
frequency response and is the standard for these mask 
measurements. It is possible to roughly calibrate the deci 
sion circuit transfer standard based mask measurement using 
a device that has a representative Waveform of the family of 
devices being tested. Since there are often no mask viola 
tions on a device being tested, it is necessary to vary the 
mask to compare the mask violation on the DCA and the 
BERT. 

First, loW mask 43 is offset vertically by Volf_DCA until 
a loW error rate is detected in the DCA measurement. The 

loW error rate, is for example, 5 mask violations/500,000 
samples. Next the BERT mask is offset vertically by Volf_ 
BERT until the same number of computed “mask violations” 
is obtained using the equations described above. NoW loW 
mask 43 is returned to it’s original location but then offset 
by Voff_BERT4Volf_DCA. This process is repeated With 
loWer half and then the upper half of central mask 44. In the 
process the vertical height of central mask 44 may be 
modi?ed slightly. Finally, top mask 42 is offset analogous to 
loW mask 43. NoW With similar type of devices there should 
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6 
be much better agreement betWeen the BERT-based mask 
measurement and the DCA measurement. This calibration 
mainly corrects for offset and linearity errors in the BERT 
decision circuit, but these effects can be signi?cant. 

FIG. 4 is a simpli?ed block diagram of an embodiment of 
front end 36 of error detector 23 for an optical output of 
DUT 22. The optical front end includes a photo diode 73 that 
detects impinging light as represented by an arroW 74. A loW 
pass ?lter 72 is used to ?lter noise before the resulting signal 
is passed to error detector 23. 
The frequency response of loW pass ?lter 72 and error 

detector 23 is important as trade-offs betWeen the time 
response (including rise time and over shoot) and noise are 
required. Typically, the overall ?ltering effect that photode 
tector 73, loW pass ?ler 72 and error detector 23 has on 
signal response is speci?ed carefully in standards documents 
and must be accurately measured before using it for Wave 
form characterization. 

Electrical sampling oscilloscopes can be used together 
With a photodiode front-end and matched ?lter to give the 
required frequency response. HoWever due to the loW 
sample rate ofa sampling oscilloscope (e.g., ~40 ksamples/ 
sec) compared to a typical incoming data steam (~10 Gb/s) 
it is not possible to measure a suf?cient number of samples 
in a short test time to guarantee operation in all cases. It is 
desirable to measure every bit of the incoming data to speed 
the measurement. This can be achieved With a Bit Error 
Ratio Tester (BERT) provided With a calibrated optical 
front-end and matched ?lter. 
The accuracy of this mask compliance measurement is 

limited by imperfections in the optical or electrical front-end 
of the digital decision circuit. If the frequency response of 
the photodetector, loW pass ?lter and BERT decision circuit 
do not have a shape that matches that speci?ed in the 
standard, the risetime of the “Waveform” being measured 
Will not be correct and mask violations may result. Care 
should be taken to insure that this response is as near to ideal 
as possible. TWo methods to measure this response can be 
used, as further described beloW. 

FIG. 5 illustrates a ?rst method to calibrate the optical 
front end of error detector 23. An optical pulse source 91 
generates optical pulses. Optical pulse source 91 is imple 
mented, for example, using a ?ber ring laser, a mode locked 
solid state laser or a gain sWitched semiconductor laser. To 
make useful impulse response measurements it is important 
that the repetition rate of the impulse source be suf?ciently 
loW. 

After taking a Fast Fourier Transform (FFT), the spacing 
of the points in the frequency domain transform Will equal 
the repetition rate of optical pulse source 91. Thus repeti 
tions rates of 50 MHZ or loWer are desirable for a 10 Gb/ s 
system. A clock signal synchronous With the pulses gener 
ated by optical pulse source 91 is delivered to decision 
detector 71. 

For example, if error detector 23 can operate at the 
fundamental repetition rate of the optical pulse source 
(OPS), then a clock can be derived by measuring the output 
of optical pulse source 91 With a separate photodetector. 
Speci?cally, a photo diode 93 supplies a synchronous clock 
signal to clock input 84 of error detector 23. In this Way error 
detector 23 receives a clock signal that is synchronous With 
the pulses generated by optical pulse source 91. As Will be 
understood by persons of ordinary skill in the art, alternative 
Ways of generating a clock signal that is synchronous With 
the pulses generated by optical pulse source 91 can be used. 

For example, optical pulses generated by optical pulse 
source 91 are vieWed as a repeating all l’s pattern. Local 
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pattern generator 31 is set to an all l’s pattern and the 
threshold value on line 33 of error detector 23 is adjusted to 
obtain 0.5 error rate as a function of clock delay. The result 
gives a single value Waveform from 0 to 1/50 MHZ (:20 ns). 
An FFT of the single value Waveform gives the frequency 
response of the optical front-end derived from the periodic 
time response. 

In some cases error detector 23 may not operate doWn to 
50 MHZ. If a high-speed clock at some knoWn harmonic of 
optical pulse source 91 frequency is used, the measurement 
is still possible. To obtain the correct frequency relationship, 
either the clock source frequency is tunable (for example a 
voltage controlled oscillator (V CO)) or optical pulse source 
91 has a tunable repetition frequency. The frequency ratio is 
then locked to the knoWn value by controlling the frequency 
of the tunable element. A common implementation is to 
divide doWn (prescale) the clock source to the 50 MHZ rate. 
A phase detector then compares the frequencies and feeds 
back to the tunable VCO or optical pulse source 91. 

Since the divide ratio is knoWn it is possible to use a counter 
in error detector 23, essentially performing a Bit speci?c 
BER on each successive bit of a pattern. The pattern of high 
speed bits has a length Which matches the divide ratio. 

For example, if the incoming data stream is at 10 Gb/ s and 
optical pulse source 91 generates pulses at 50 MHZ then the 
divide ratio is 200. Local pattern generator 31 is pro 
grammed to a 200-bit pattern Which Will be synchronous 
With the incoming signal from optical pulse source 91. By 
tuning ?rst to bit 0 of the pattern and varying the delay from 
0 to 100 picoseconds (ps) (1 high speed bit period) and 
measuring the threshold that gives 0.5 BER, the ?rst bit is 
captured. The process is then repeated for each of the 
successive 199 bits. The results are stitched together to give 
a sequential measurement covering the full 20 ns time span. 
When only short delays are programmed on the BERT (100 
ps) the accuracy of this measurement is likely to be better. 
After assembling the full time trace the signal is converted 
to frequency domain With an FFT, as before. 

In cases Where the incoming data is measured by error 
detector 23 producing a single-valued-Waveform, it is pos 
sible to take the measured response and correct for optical 
front-end 36. This is done by ?rst transforming the measured 
data and then dividing by the transformed front-end 
response. This is done, for example by using a standard 
digital ?ltering procedure or deconvolution. The FFT of an 
impulse response has the advantage that both the amplitude 
and the phase of the frequency response are derived and both 
are required for deconvolution. Deconvolution of the front 
end response alloWs for obtaining more accurate single 
valued measurements. 

A similar approach can be used for calibrating decision 
circuits With electrical inputs. For example, optical pulse 
source 91 can be replaced With a electrical pulse source that 
supplies pulses directly to loW pass ?lter 72 and the syn 
chronous clock on clock input 84. Photodetectors 73 and 93 
are eliminated. 

Alternatively, if the electrical stimulus has fast but non 
negligible transition times, the impulse response can be 
measured With some other calibration method, for example 
a sampling oscilloscope. The fast electrical stimulus then 
acts as a transfer standard to calibrate the front-end. This is 
performed by taking an FFT of the unknown front-end 
response With the fast electrical stimulus and then dividing 
by the FFT of the electrical stimulus measured on the 
reference system eg oscilloscope. The resulting frequency 
spectrum is the frequency response of the electrical front 
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8 
end. This response can be transformed back to the time 
domain to get the impulse response of the electrical front 
end, if desired. A similar transfer approach can be used for 
optical signals if an impulse source of suf?ciently short 
duration is not available. 

FIG. 6 illustrates a second method to calibrate the optical 
front end of error detector 23. In this case, calibration of the 
optical front end of error detector 23 is performed using a 
sinusoidal optical source (SOS) 81. Digital decision circuits 
typically have bandWidths much loWer than a sampling 
oscilloscope. To get an accurate measurement of the optical 
front-end frequency response error detector 23 must be 
included in the measurement. For example SOS 81 uses an 
optical heterodyne or an external optical modulator to pro 
duce a sinusoidal signal. Alternatively, SOS 81 uses an 
alternative method to produce a sinusoidal signal. SOS 81 
produces a signal SOS(f) Where f is the modulation fre 
quency. The amplitude of the optical modulation can be 
adjusted With an optical attenuator 83. An asynchronous 
clock placed on line 84 is used to clock error detector 23. 
Local pattern generator 31 (shoWn in FIG. 1) is programmed 
to an all 0’s and then an all l’s pattern. The threshold value 
on line 33 of error detector 23 (shoWn in FIG. 1) is varied 
to obtain a ?xed error rate (typically 10_5) that is evaluated 
as a function of frequency for the all l’s case (Vthresh_ 
hi(f)), and the all O’s case (Vthresh_lo(f)). The frequency 
response of the front-end can then be evaluated using 
Equation 6 beloW: 

Response(?:Vthreshihi(/0— Vthreshiloo‘). Equation 6 

Diagrammatically this can be seen in FIG. 7 Where the 
frequency response of Waveform 103 representing the input 
signal 103 is seen to cross high threshold level Vthresh_hi 
102 and loW threshold level Vthresh_lo 101. If the magni 
tude of the input optical sine Wave is knoWn to vary as a 
function of frequency, this is then normaliZed in the mea 
sured response. 

This method has the advantage that it is only the relative 
areas of the sinusoid above and beloW the threshold lines 
that are important. This makes the input clock frequency to 
the decision circuit unimportant, except that it should not be 
at a harmonic of the signal generated by SOS 81 (in practice 
this is almost alWays the case) and it should be at a 
reasonably high frequency to insure proper averaging during 
the measurement interval. A typical frequency is, for 
example, 1.17 GHZ (not a multiple of 1 GHZ but in the GHZ 
range). This simpli?es the measurement. HoWever, because 
the clock phase is not used, this method only derives the 
magnitude of the frequency response. In typical communi 
cations systems, it is the magnitude of the response that is 
speci?ed, hoWever. 

Alternatively, the threshold, for example at Vthresh_hi 
can be set for an all l’s pattern at a loW modulation 
frequency f and a ?xed error rate. As the modulation 
frequency is increased, the attenuation in the optical path is 
decreased to maintain the same error rate. By measuring the 
attenuation as a function of modulation frequency the 
response of the front-end can be determined With 1 dB 
optical receiver response change corresponding to a 1 dB 
change in the attenuation setting. This alternate method has 
the advantage of dynamic range, provided SOS 81 has high 
optical poWer and attenuator 83 has Wide dynamic range. 
Offsets in error detector 23 can cause errors in this approach. 
These errors are canceled out When the frequency response 
of the front end is calculated With the method Where the front 
end is evaluated using Equation 6. 
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A sinusoidal wave source can also be used for a front-end 
that does not have a photodetector and takes electrical 
inputs. In this case, rather than SOS 81, a sinusoidal swept 
frequency electrical (microwave) signal source is used. 
Optical attenuator 83 is replaced with a microwave attenu 
ator. These microwave components are commonly available. 
The microwave signal source and attenuator can be cali 
brated with a microwave power meter, if desired. 

FIG. 8 is a simpli?ed illustrating sampling points of 
multiple top masks at which BER measurements are made. 
In FIG. 8, signal traces 141 from overlapped cycles of a 
digital signal form an “eye” shape. A top mask region 142, 
a top mask region 152, a low mask 143, a low mask 153, a 
low mask 163 and a center mask 144 are shown. Time delay 
(positive and negative) is varied in a direction represented 
by an arrow 147. Voltage threshold is varied in a direction 
represented by an arrow 146. A sampling point 171, a 
sampling point 172 and a sampling point 173 are shown on 
the lower edge of top mask region 142. A sampling point 
174, a sampling point 175 and a sampling point 176 are 
shown on the lower edge of top mask region 152. A sampling 
point 177 and a sampling point 178 are shown on the upper 
edge of low mask region 143. A sampling point 179 and a 
sampling point 180 are shown on the upper edge of low 
mask region 153. A sampling point 181 and a sampling point 
182 are shown on the upper edge of low mask region 163. 
The foregoing discussion discloses and describes merely 

exemplary methods and embodiments of the present inven 
tion. As will be understood by those familiar with the art, the 
invention may be embodied in other speci?c forms without 
departing from the spirit or essential characteristics thereof. 
Accordingly, the disclosure of the present invention is 
intended to be illustrative, but not limiting, of the scope of 
the invention, which is set forth in the following claims. 

I claim: 
1. A method for determining mask compliance of a digital 

signal from a reference device comprising the following 
steps: 

(a) detecting bit error rates for ?rst sampling points for a 
low mask region; 

(b) averaging the bit error rates for the ?rst sampling 
points to produce an average low mask region error 
rate; 

(c) detecting bit error rates for second sampling points for 
a high mask region; and, 

(d) averaging the bit error rates for the second sampling 
points to produce an average high mask region error 
rate. 

2. A method as in claim 1 additionally comprising the 
following steps: 

(c) detecting bit error rates for third sampling points for a 
middle mask region; and, 

(d) averaging the bit error rates for the third sampling 
points to produce an average middle mask region error 
rate. 

3. A method as in claim 1 wherein step (a) comprises the 
following substeps for each of the ?rst sampling points: 

(a.l) setting a voltage threshold for an error detector 
circuit equal to a voltage level of a sampling point; and, 

(a.2) recording an error when a detected voltage of the 
digital signal is below the threshold level. 

4. A method as in claim 1 wherein step (c) comprises the 
following substeps for each of the second sampling points: 

(c.l) setting a voltage threshold for an error detector 
circuit equal to a voltage level of a sampling point; and, 

(c.2) recording an error when a detected voltage of the 
digital signal is above the threshold level. 
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5. A method as in claim 1 wherein step (a) includes 

choosing a number of ?rst sampling points to produce a total 
number of measurements equal to a standard number of 
measurements used for determining mask compliance with 
a digital communications analyZer. 

6. A method as in claim 1 wherein step (a) includes 
choosing a number of ?rst sampling points to produce a total 
number of measurements equal to a standard number of 
measurements used for determining mask compliance with 
a digital communications analyZer and wherein step (c) 
includes choosing a number of second sampling points to 
produce a total number of measurements equal to a standard 
number of measurements used for determining mask com 
pliance with a digital communications analyZer. 

7. Amethod as in claim 1 wherein in step (a) bit error rates 
are detected only for cases where the digital signal is at a 
logic 0 value. 

8. Amethod as in claim 1 wherein in step (c) bit error rates 
are detected only for cases where the digital signal is at a 
logic 1 value. 

9. A method as in claim 1 wherein the reference device is 
a device under test. 

10. A method as in claim 1 additionally comprising the 
following step performed before step (a): 

calibrating a front end of an error detector used to detect 
bit error rates, the calibrating including correction for 
offset and linearity errors. 

11. A method as in claim 1 additionally comprising the 
following step performed before step (a): 

calibrating a front end of an error detector used to detect 
bit error rates, including the following substeps: 
generating pulses using a pulse source, 
clocking the error detector synchronously with the 

generated pulses, 
varying o?fset time and voltage threshold of the error 

detector to detect phase and frequency errors caused 
by the front end of the error detector, and 

calibrating the error detector to account for the detected 
phase and frequency errors. 

12. A method as in claim 1 additionally comprising the 
following step performed before step (a): 

calibrating a front end of an error detector used to detect 
bit error rates, including the following substeps: 
generating a sinusoidal signal using a signal source, 
clocking the error detector asynchronously to the sinu 

soidal signal, 
varying sinusoidal signal frequency and voltage thresh 

old of the error detector to detect response of the 
error detector in combination with the front end at a 
plurality of signal frequencies, and 

calibrating the error detector to account for the detected 
response of the error detector in combination with 
the front end. 

13. A method as in claim 1 additionally comprising the 
following steps: 

(e) detecting bit error rates for third sampling points for a 
second high mask region; and, 

(f) averaging the bit error rates for the third sampling 
points to produce an average second high mask region 
error rate. 

14. A method as in claim 1 additionally comprising the 
following steps: 

(e) detecting bit error rates for third sampling points for a 
second low mask region; and, 

(f) averaging the bit error rates for the third sampling 
points to produce an average second low high mask 
region error rate. 
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15. A method as in claim 1 additionally comprising the 
following steps: 

(e) detecting bit error rates for third sampling points for a 
second loW mask region; 

(f) averaging the bit error rates for the third sampling 
points to produce an average second loW high mask 
region error rate; 

(g) detecting bit error rates for fourth sampling points for 
a third loW mask region; and, 

(h) averaging the bit error rates for the fourth sampling 
points to produce an average third loW high mask 
region error rate. 

16. A method for determining mask compliance of a 
digital signal from a reference device comprising the fol 
loWing steps: 

(a) detecting bit error rates for ?rst sampling points for a 
loW mask region; 

(b) averaging the bit error rates for the ?rst sampling 
points to produce an average loW mask region error 
rate; 

12 
(c) detecting bit error rates for second sampling points for 

a middle mask region; and, 
(d) averaging the bit error rates for the second sampling 

points to produce an average middle mask region error 
rate. 

17. A method for determining mask compliance of a 
digital signal from a reference device comprising the fol 
loWing steps: 

(a) detecting bit error rates for ?rst sampling points for a 
high mask region; 

(b) averaging the bit error rates for the ?rst sampling 
points to produce an average high mask region error 
rate; 

(c) detecting bit error rates for second sampling points for 
a middle mask region; and, 

(d) averaging the bit error rates for the second sampling 
points to produce an average middle mask region error 
rate. 
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